Background: Impaired renal function may contribute to development of stroke and small vessel pathology in the brain. We investigated whether stroke subtype, initial stroke severity, early neurologic outcomes, time to cerebral infarction occurrence, and the presence of small vessel pathology in the brain are different between patients with end stage renal disease (ESRD) and those with renal transplantation (RT). Methods: A total of 57 consecutive de novo RT patients (RT group) and 120 patients undergoing dialysis due to ESRD (ESRD group) who developed a first-ever acute cerebral infarction were enrolled. We compared stroke subtypes based on the Trial of Org 10172 in Acute Stroke Treatment classification, the presence of small vessel pathology (cerebral microbleed, leukoaraiosis and silent lacunar infarction) on MRI, stroke severity based on the National Institutes of Health Stroke Scale (NIHSS) and in-hospital mortality between the groups. Results: The stroke subtypes, NIHSS scores at admission and in-hospital mortality were not different between the two groups. On multivariate analysis, the presence of high grade periventricular white matter changes tended to be more frequently detected in the ESRD group than the RT (P=0.078). The time from starting dialysis to stroke was longer in the RT group (129.9±60.9 months) than in the ESRD group (51.1±46.1 months). Conclusion: The stroke patterns, severity and short term outcomes were not different between RT and ESRD. The risk of cerebral infarction and high grade periventricular white matter changes may be reduced after RT in patients with ESRD. (Korean J Stroke 2012;14:122-127) 
Introduction
Cerebral infarction occurs often in patients with end stage renal disease (ESRD). 1 Most patients with ESRD who are treated with hemodialysis (HD) have classic risk factors for ischemic stroke, 2 and HD itself is an independent risk factor for stroke. 2 Patients who are treated with continuous ambulatory peritoneal dialysis (CAPD) may have a greater risk of ischemic and hemorrhagic strokes because high blood pressure is often less well controlled due to excessive hydration during CAPD. 3 Cerebral small vessel pathology including silent lacunar infarction (SLI), leukoaraiosis (LA), and cerebral microbleeds (CMBs) were reported as being associated with impaired renal function possibly due to the hemodynamic similarities between the vascular beds of the kidney and those of the brain. [4] [5] [6] [7] constriction. 12 Therefore, RT may both positively and negatively affect stroke occurrence and outcomes.
Considering that impaired renal function is associated with small vessel disease and that the renal function can be improved after RT, stroke types, small vessel pathologies and outcome may be different between ESRD patients who received RT and those who did not. There have been several reports on the characteristics, incidence and classification of cerebral infarction in patients with ESRD 2,13,14 and RT. [15] [16] [17] [18] [19] However, no study has investigated differences in stroke type and outcomes between ESRD patients who received RT and those who did not. The aim of this study was to compare stroke subtype, initial stroke severity and early neurologic outcomes between these groups. We also investigated whether the frequency of small vessel pathologies such as CMBs, SLI, and LA are different between the groups
Subjects and Methods

Study Subjects
We retrospectively reviewed medical records of patients treat- Small artery pathologies were evaluated using MRI. CMBs were defined as punctuate hypointense lesions less than 10 mm in size on gradient echo (GRE) MRI images, which were based on previously reported methods. 21 Silent lacunar infarction (SLI) was defined when a small (<15 mm) lesion in the perforating artery territory showed a high signal intensity on fluid attenuated inversion recovery (FLAIR) or T2 weighted and iso-or low signal intensity on T1 weighted image. 22 We also assessed the severity of LA. The extents of LA in the periventricular white matter (PVWM) and deep white matter (DWM) were determined on the FLAIR images according to the Fazekas' scoring system. 
Risk Factors
Hypertension was diagnosed when a patient had been taking anti-hypertensive medication or had resting systolic blood pressures ≥140 mmHg or diastolic blood pressures ≥90 mmHg on repeated measurements. Diabetes mellitus was diagnosed if the patient had fasting blood glucose ≥7.0 mmol/L or was being treated with anti-diabetic medications or insulin. Hyperlipidemia was diagnosed if the patient had low-density lipoprotein cho- 
Results
Comparison of Demographic and Clinical Characteristics
The demographic data and the results of comparison for clinical characteristics are shown in Table 1 factors on univariate analysis, ESRD tended to be associated with high grade PVMW changes (P=0.078) ( Table 3) .
Comparison of Neurologic Severity and Outcomes
The NIHSS scores at admission did not differ between the RT and ESRD groups. In-hospital mortality (12 patients in RT versus 16 patients in ESRD, P=0.194) also did not differ between the two groups.
Discussion
This study showed that the high grade PVWM changes tended to be more frequently detected in ESRD patients than in RT patients. Our findings, along with findings in previous studies,
suggest that impaired renal function is associated with small vessel pathology in the brain, [4] [5] [6] and its risk may be reduced when renal function is improved by RT. Arterial stiffness, which is associated with vessel wall damage in the microvessels of the end-organs and intracranial artery atherosclerosis, improved after RT. 9, 24 RT can improve endothelial dysfunction induced by a state of continuous renal dysfunction because uremic toxins cause oxidative stress on vasculature, endothelial damage, and acceleration of atherosclerosis. 10, 25 Those changes may underlie a decreased risk of small vessel pathologies following RT in ESRD patients.
The incidences of stroke and cardiovascular disease were lower in the RT group than the ESRD group. 26, 27 Renal dysfunction increases the risk of ischemic and hemorrhagic stroke in the general population. 28 Function of kidney on admission appears to be a significant independent prognostic factor for long term mortality and new cardiovascular morbidity. 29 In contrast, RT with sustained graft function seems to reduce the risk for stroke. 11 In this regard, recovery of renal dysfunction following RT could reduce the risk of stroke. The time from starting dialysis to stroke onset was longer in the RT group than in the ESRD group in our study.
The longer time interval in the RT group might be related to the reduced risk of stroke following RT in patients with ESRD.
In our study, there were no differences in initial stroke severity and in-hospital mortality after stroke between the two groups.
These findings suggest that stroke severity as well as short term outcomes were not substantially affected by renal transplantation and recovery of renal dysfunction, although stroke onset could be delayed. Renal dysfunction is associated with more severe stroke at admission and is a strong negative predictor of 30-day survival after acute ischemic stroke. 30, 31 Although renal transplantation may improve clinical outcomes by improving renal and endothelial function, 10 which may positively affect stroke severity, the use of immunosuppressive agents may produce neurotoxicity, 24 which may offset the protective effect of RT. The small sample size in our study may be in part responsible for the absence of differences between the groups.
Our study has limitations. First, the size of population of our study was not large, which might be due to few events of cerebral infarction in both RT and dialysis patients. Therefore, all subtypes of stroke might not be represented sufficiently for the purpose of our study which includes comparison of the differences in occurrence of stroke subtypes between the groups. Second, although the longer time intervals from starting dialysis to stroke onset in the RT group in our study were speculated to be associated with a reduced risk of stroke after RT, the incidence of stroke could not be investigated by our study design. Therefore, our speculation regarding this issue is inconclusive and further studies may be necessary to determine whether RT is protective for stroke.
